In 1951 Marsh showed that an aqueous KCl extract of skeletal muscle reversed syneresis and inhibited ATPase activity of myofibrils (1) . The same extract inhibited the ATP-induced contraction of glycerol-extracted muscle fibers (2) and became known as the Marsh-Bendall relaxing factor (3) . It is generally believed that the active component of the relaxing factor preparation consists of fragments of sarcoplasmic reticulum present as small vesicles (microsomal fractions or grana) that act by removing calcium from the actomyosin system (4) (5) (6) (7) (8) (9) (10) . Recently it has been shown that grana prepared from fast (white) muscle of the rabbit have a greater calcium uptake activity than grana prepared from slow (red) muscle (11) . The ATPase activity of these two types of grana reacts differently to aging and to azide (11) .
In animal studies the relaxing microsomal fraction has usually been obtained from muscle homogenates by centrifugation between 10,000 and 30,000 X g. This paper is a report on similar microsomal preparations from normal human skeletal muscle showing Ca+-Mg++ stimulated ATPase and calcium uptake activity. Studies on grana prepared from human muscles anatomically analogous to the fast (white) and slow (red) muscles of the rabbit are also presented. 
Methods
Gastrocnemius, vastus lateralis, and soleus muscles were obtained from cadavers. The muscles were taken within 5 hours after death from refrigerated cadavers in which no neuromuscular disease was present. The muscles were removed 4 to 6 cm short of each tendinous insertion. Vessels, fat, and connective tissue were removed, and each muscle was minced separately with scissors. The mince was homogenized for 90 seconds in a Waring blendor with 3 vol of ice-cold 0.25 M sucrose and 0.005 M histidine, pH 7.0. The myofibrils were sedimented by centrifugation for 20 minutes at 600 X g, and the supernatant was fractionated by centrifugation in a Spinco model L preparative ultracentrifuge. The fractions sedimented during 20 minutes at 8,000 X g, 1 hour at 30,000 X g, and 1 hour at 80,000 X g were resuspended in the above sucrose-histidine medium; the 30,000 X g fraction (crude grana) was spun again for 20 minutes at 8,000 X g. The supernatant will be referred to as "purified" grana. The above procedures were all carried out at 2 to 50 C.
Calcium uptake was measured by incubating 0.02 to 0.3 mg of protein of the appropriate fraction in a medium containing 0.1 M KCI, 20 mM histidine, pH 7.35, 5 mM MgCl2, 5 mM ATP, and 0.10 to 0.15 mM Cae5Cl2, to which potassium oxalate, sodium azide, and dinitrophenol were added as indicated in the text and legends. The reaction was carried out at 330 C and terminated by passing 1 to 2 ml of the mixture through a type HA Millipore filter (0.45 to 0.3 A average pore diameter) (10) . The amount of bound calcium was calculated from the radioactivity of the filtrate measured in a Packard liquid scintillation counter according to Loftfield and Eigner (12) .
Adenosine triphosphatase activity was measured in 2.0-ml samples by determining, after precipitation of the protein by the addition of 0.5 ml ice cold 10%o trichloroacetic acid and centrifugation, the amount of inorganic phosphorus liberated from ATP in the supernatant by the Fiske-SubbaRow method (13) . Protein was measured by the biuret method.
Results
As shown in Figure 1 , the calcium uptake by grana in the presence of oxalate is complete in 10 1425 minutes. Calcium uptake by the heavier microsomal fraction exceeded that of the lighter microsomal fraction both in initial rate (over first 2.5 to 3.0 minutes) and in total uptake. Total uptake was routinely estimated after 15 minutes incubation. The dependence of calcium uptake activity on the presence of ATP and magnesium is shown in Table I . The grana fail to take up calcium when these constituents are absent. The enhancement by oxalate of calcium uptake found with animal muscle grana (5) (6) (7) 10) can also be observed with human muscle grana (Table I) , and dependence of calcium uptake on oxalate concentration is similar The question of contamination with mitochondrial fragments of muscle microsomal fractions has been raised in connection with studies on dog cardiac muscle (15) and on red muscles of the rabbit (11), and it seemed advisable to investigate this aspect of human muscle grana. Siekevitz, L6w, Ernster, and Lindberg (16) showed that the ATPase activity of liver mitochondria was con- siderably inhibited by sodium azide. We found that ATPase activity of human skeletal muscle mitochondria (600 to 8,000 X g fraction) was similarly inhibited by azide (Table III) . ATPase activity of grana obtained from human white muscle was only slightly inhibited by sodium azide; purified grana activity showed little or no inhibition by azide (Table III) . The ATPase activity of grana prepared from red muscle is inhibited almost 50%o by azide, and the purified grana activity was inhibited by 20%o. Siekevitz tivity was considerably inhibited if calcium was removed from the incubation medium with EGTA (17-18). Table IV shows that human mitochondrial ATPase activity is only slightly inhibited by EGTA, whereas that of grana is more markedly inhibited. Mitochondrial ATPase activity inhibited by azide is not present in purified grana prepared from white muscle; hence the EGTA effect is more striking. This does not hold true for 1 Ethylene glycol bis tetraacetic acid = EGTA. the activity of purified grana prepared from red muscle, as significant azide inhibition is still present.
Calcium uptake in grana and mitochondria. Since it is well known that oxalate potentiates the calcium uptake of animal grana (5-7, 10), its effect on human grana and mitochondria was studied. Figure 2 shows that 5 mM oxalate enhanced both the initial fate and total uptake of calcium by grana, whereas the mitochondrial uptake was only slightly increased. The calcium uptake by mitochondria from liver, kidney, brain (19) , and beef heart (20, 21) is inhibited by sodium azide and dinitrophenol. Grana from human muscle are unaffected by these agents, but the calcium uptake of the mitochondrial fraction is depressed (Table  V) .
Effects of aging. The ATPase activity of grana from white rabbit muscle increases on aging, whereas the activity of grana from red muscle decreases with time (11) . The ATPase activity of human grana from either red or white muscle decreases with time at 0°C ( Figure 3A ). This is accompanied by a decrease of the calcium uptake activity of both types of human grana ( Figure  3B ). Discussion A considerable amount of evidence has accumulated implicating calcium as a link between the excitation-contraction and relaxation of striated muscle. It has been shown that calcium entry into muscle increases with contraction (22) and that skeletal muscle fails to undergo contracture in a calcium free solution (23, 24) . Contraction of skeletal myofibrils, actomyosin, and glycerinated muscle fibers requires the presence of calcium (25) (26) (27) (28) . The relaxing effect of chelating agents (28) (29) (30) (31) and skeletal muscle grana (4-10) is explained by their ability to lower the Ca-of the test system to below a 10-M concentration. The grana probably do this by active uphill transport of calcium with the hydrolysis of ATP as the source of energy. Most investigators agree that these grana or heavy microsomal fractions represent vesicles of fragmented sarcoplasmic reticulum.
Whether or not human myofibrils or glycerinated fibers respond to removal of calcium by relaxation, and-if they do-whether grana preparations from human muscle can produce relaxation will require further study.
All the work on ATPase and calcium uptake activity on grana has been done on animal skeletal (4-10) and cardiac muscle (18) . The data presented in this paper show that a grana fraction similar to animal preparations can be prepared from human striated muscle homogenates that have a Ca++-Mg+r stimulated ATPase activity and ability to take up calcium. During the early phase of this study we found that muscle from cadavers properly refrigerated, obtained less than 5 hours after death, yielded preparations that were comparable to those obtained from fresh biopsied material.
The grana obtained from human striated muscle are relatively free of mitochondrial contamination, as measured by small or no inhibition of ATPase activity by azide, marked inhibition of ATPase activity by EGTA, no inhibition of calcium uptake by azide or dinitrophenol, and a marked stimulation of calcium uptake by oxalate. The slight inhibition of grana ATPase activity by azide is probably due to contamination with some fragmented mitochondria. In contrast, the mitochondrial fraction showed a marked inhibition of ATPase activity by azide but little effect by EGTA. The calcium uptake activity was inhibited by azide and dinitrophenol, whereas oxalate showed only slight enhancement of Ca-uptake. The small inhibition of ATPase activity by EGTA and the slight stimulation of calcium uptake by oxalate probably indicated contamination of the mitochondria by intact sarcoplasmic reticulum vesicles. Studies at present being carried out in our laboratory show that succinic dehydrogenase and cytochrome oxidase activities, which are high in the mitochondrial fraction, are low in grana and virtually absent in purified grana (32) .
The molar ratio of calcium taken up to ATP hydrolyzed is lower in human preparations than in those obtained from rabbit muscle (17) . However, a direct comparison of ATP hydrolyzed with the calcium taken up by the grana may be difficult because of the heterogeneity of the ATPase in the same fraction. In addition to the microsomal Ca^-Mg++ stimulated ATPase, there is ATPase activity, but no calcium uptake in some fragmented mitochondria and also the Mg-Na-K stimulated ATPase recently described in a heavy microsomal fraction of human striated muscle (33) .
The difference between grana preparations from human red and white muscle in their ability to take up calcium is not so striking as that found in the case of the rabbit (11) where grana from white muscle take up almost 20 times as much calcium as grana from red muscle. This is in accord with other work, showing that the preponderance of a fiber of one type over that of the other found in some animal muscles (34) (35) (36) is not so pronounced in human muscle (37) . The ATPase activity of grana prepared from both types of human muscle decreased when aged at 0°C. In the case of the rabbit the ATPase activity of grana prepared from white muscle increased with aging, whereas that prepared from red muscle decreased (11) .
These studies probably represent the first work on the preparation, ATPase activity, and calcium uptake activity of grana from human striated muscle. Work is now in progress on grana prepared from muscle biopsy material from patients with various myopathies. We hope that these studies will yield information on metabolic defects in certain muscle diseases and lead to a better understanding of the excitation-contraction coupling of human striated muscle. Summary 1. The preparation of grana (fragments of sarcoplasmic reticulum) from human striated muscle is described.
2. The Ca++-Mg++ moderated ATPase and calcium uptake activities of human grana have been studied and compared with those of human muscle mitochondria.
3. The difference in calcium uptake activity in grana prepared from human fast (white) and slow (red) muscles is not so pronounced as that found in studies on rabbit muscle.
